Introduction
The role of a strip of keratinized gingiva in maintaining periodontal health through preventing gingivitis and stabilizing the gingival margin has long been discussed [1] [2] . Some experimental studies support the hypothesis that the periodontal health can be maintained through optimal plaque control in areas with low or no attached gingiva. On the contrary, other investigations reported clinical inflammation in all areas with less than 2mm keratinized gingiva, despite the fact that all the dental surfaces were plaque-free [1] [2] .
The above-mentioned supporters believe that aug-mentation of keratinized gingiva may be unnecessary if measures are taken for optimal infection control. Yet, this might be impossible for a majority of the patients; thus, gingival augmentation in areas with gingival recession would prevent further destruction and recession.
Moreover, evidence show that the areas with small amount of keratinized gingiva, particularly thin gingival biotype, are more likely to experience recessions compared with the areas protected with thick and wide gingiva [3] .
A number of dental conditions, in association with loss or deficiency of attached gingiva, can negatively affect the periodontal health and marginal stability. These conditions are gingival recession, thin biotype, buccolingual displacement, root prominence, shallow vestibule depth, frenulum stretching, subgingival restorations, orthodontic treatments, as well as pain, and discomfort during oral hygiene performance [1, [4] [5] [6] .
Based on the recommendation of the 1996 World Workshop in Periodontics, in case of alveolar bone dehiscence, no matter during normal growth or orthodontic treatment, gingival augmentation can stop the progression of gingival recession, control the plaque formation, and improve the patient discomfort around the tooth and implant [1, 6] . Among the gingival augmentation techniques including pedicle graft, free graft, and allograft, the most commonly used method is the free gingival graft (FGG) which is considered as the gold standard [1, 6] .
In treating the mucogingival problems such as deficiency of keratinized gingiva and gingival recession, FGG can provide adequate amount of attached gingiva and cover the exposed root. Moreover, root coverage treatments with FGG are more predictable. They are the best option when the gingival recession is associated with inadequate vestibule depth or for the teeth, which require root coverage before receiving subgingival restoration.
In gingival augmentation, FGG increases the vestibule depth more predictably than other methods. However, FGG has unavoidable limitations such as the open wound in the palatal donor site and the wound of the grafted tissue in the recipient site that can cause hemorrhage and postoperative discomfort [7] [8] .
Another problem with free graft is the color discrepancy between the area treated with the graft and the adjacent gingiva, which result in keloid formation in the graft margin. Since the donor site is mostly the palate that contains lipid contents, color difference is so observable that the grafted area looks lighter in color even in a long time after initial healing [9] .
Currently, the mucogingival treatments aim to meet not only the biological, but also aesthetic needs. Thus, it is preferred to use graft techniques that offer higher color match and better aesthetic such as subepithelial connective tissue graft (CTG) [7, 10] . According to the previous findings, the specificity of the grafted epithelium is determined by the underlying connective tissue [11] . The gingival connective tissue is able to induce the generation of keratinized epithelium. In other words, placing a keratinized tissue under a non-keratinized mucosa changes the surface epithelium to keratinized tissue overtime [11] .
Previous studies showed that the result of root coverage by using FGG would not be aesthetically successful [7, [9] [10] [12] [13] . Hence, the present study was designed to use a novel gingival augmentation technique that would not only increase the amount of gingiva and alter the location of mucogingival junction, but also improve the grafted tissue aesthetically so that it would look more like the adjacent tissues in color. This study also compared the alterations of mucogingival junction location between the FGG and CTG techniques. In case of absence width of keratinized gingiva, the horizontal incision was created on the gingival margin and the vertical incision was extended upon that. These partial thickness incisions were created within the surface epithelium by using blade number 15. The partial thickness flap with the minimum thickness was raised to detach the epithelium from the underlying connective tissue, though it is impossible to keep only epithelium.
Materials and Method
Having raised the surface tissue while it was still attached on the apical area, the four sides of the created wound was deeply cut up to the bone surface. By using periosteal elevator, the connective tissue was removed along with the periosteum. In case of fenestration or dehiscence, the periosteum was preserved over the tooth root.
In the donor site (palatal tissue), a graded probe was used to confirm the presence of adequately thick tissue.
Then, one horizontal incision as long as the bed area and two vertical incisions of 1-mm depth and 5-6 mm length were created on both sides. Then, 1-mm thick surface tissue, which was attached on one side, was detached from the underlying tissue by use of surgery forceps and a blade. The flap was pushed away, the four dimensions of the underlying wound was cut by The graft tissue was rinsed with sterile saline solution, placed over the prepared clean clot less bed, and sutured to the surrounding periosteum by using Vicryl suture.
The thin epithelial flap was placed over it and sutured to the surrounding tissue so that it thoroughly covered the wound surface including the connective tissue.
Having controlled the hemorrhage in the underlying tissues, the palatal flap was returned to the place and sutured to the underlying tissues, so that the wound was thoroughly covered. Both areas were gently pressed with wet gauze for a few minutes, and after ensuring that there was no bleeding, the area was covered with
Coe-Pak dressing.
Surgical technique on the control side
In order to treat the control side with FGG, on the recipient site, one partial thickness incision was created on the mucogingival junction and two releasing incisions on both sides (Figure 2 ). 
Postsurgical recommendations
Amoxicillin 500 mg (every 8 hours) was prescribed for 7 days, and oral acetaminophen codeine was prescribed for every 4 hours in case of pain. The patients were trained about soft diet, cold compress for the first 48
hours, plaque control in other areas, and use of Chlorhexidine mouthwash. They referred after 10 days for removing their wound dressings and sutures, and they were trained about plaque control in the operated areas.
The next follow-up session was fixed for 6 months after the surgery.
Measurements and comparisons
Six months after healing, the test and control sides were compared in terms of the percent of generated gingiva on both sides, and the color difference of the grafted areas with the surrounding gingiva or mucosa ( Figure   3 ). The apico-coronal size of the graft prepared for each area was calculated. Considering that the grafted tissue on both sides would be attached, the percentage of augmented tissue on each side was calculated. To do so, the amount of gingiva remaining after the surgery (distance between gingival margin and mucogingival junction) was divided by the width of the graft prepared for each side. The result shows how much the grafted tissue has remained and how much the location of mucogingival junction has shifted apically. Moreover, the rate of shrinkage would be calculated. These were calculated for both the test and control sides.
The color of the grafted areas was determined and compared by using both professional evaluation and digital evaluation [14] . The professional evaluation was done by two blinded examiners through Visual Analog Scale (VAS). 
Statistical analyses
The quantitative and qualitative data were described as mean, standard deviation, and frequency. Repeated measures ANOVA were used to evaluate the changes over time.
Results
According to (Table 1, 2 and 3) higher ∆E, which represents the color difference between the grafted area and the surrounding tissues, was observed in FGG side than CTG. Moreover, the mean VAS 1,2 (blinded examiners 1,
2) in FGG (2.4) was lower than that in CTG (6.9).
Comparing the two techniques regarding the amount of augmented tissue revealed that the mean increase of gingival width was 82% in FGG (18% shrinkage) and 85% in CTG side (15% shrinkage); i.e., the shrinkage was slightly lower in the side treated with CTG technique. However, in both sides, test and control, the width of attached gingiva was increased.
Discussion
The concept of covering CT with thin layer of epithelium was first carried out by Raoofi [17] that presented the inductive effect of keratinized connective tissue on overlying alveolar mucosa by underlying CT. CT could induce overlying epithelium to attached and functional gingiva [17] . This technique was also used by Kiani et al. [18] that by histological examination confirmed CT could transform overlying non-keratinized epithelium into masticatory and keratinized gingiva.
The current study aimed to compare the color and width of tissue grafted through two surgical techniques of keratinized gingival augmentation. The results revealed that both techniques increased the gingival tissue and moved the mucogingival line to a more apical location. However, the increased width in CTG technique (85%) was higher than that in FGG technique (82%).
The difference was statistically, but not clinically, significant. The two main factors that affect the shrinkage are the graft thickness and the recipient bed preparation.
Optimal shrinkage in FGG is 1-2mm; the less the thick ness is, the higher the shrinkage would be. Therefore, it was highly tried to have similar tissue thickness in both sides (test and control) [19] . According to the previous studies [18] [19] [20] Donn et al. [13] , in study of comparing FGG and CTG for root coverage procedure, observed color mismatch and pale appearance in sites treated with FGG and better color match and esthetic in sites of CTG which was concordance with our study. In a systematic review done on 2014, efficacy of soft tissue augmentation techniques around dental implant was compared.
They concluded that FGG and sub epithelial connective tissue graft were the most successful techniques in increasing keratinized tissue and sub epithelial connective tissue graft was the best in esthetic [21] .
Studies showed the importance of 2mm of keratinized and attached gingiva around dental implants and compared different options for its augmentation. They concluded that FGG should be considered as a "rescue" only in situations that esthetic is not an issue like low smile line patients due to the disadvantageous such as unaesthetic shade and color. However, CTG, as an alternative, can provide better volume and can be blend [22] [23] .
The present study was superior to all similar investigations since surgical technique was the only variable.
Regarding the split mouth surgery, all other intervening factors were omitted including the patient's condition, plaque control, tissue healing ability, the color of donor site, the background color of individual's gingiva.
Moreover, not only we used connective tissue to increase esthetic, we tried to cover it with thin layer of recipient flap. 
